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ERYTHROPOIETIN ANALOG-HUMAN SERUM ALBUMIN FUSION 
Bad^ound of the Invention 

5 

The invention relates to erythropoietin analog-human sennn albumin (EPOa- 
hSA) fusion proteins, nucleic acids which encode EPOa-hSA fusion proteins, and 
methods of making and using EPOa-hSA fusion proteins and nucleic acids. 

10 Summary of the Invention 

In general, the invention features, an EPOa-hSA fusion protein, wherein at least 
one amino acid residue of the EPOa moiety of the fusion protein is altered such that a 
site vrfiidi serves as a site for glycosylation in erythropoietin (EPO) does not serve as a 
1 5 site for glycosylation in the EPOa, e.g., an EPOa-hSA fusion protein in which at least 
one amino acid residue which can serve as a glycosylation site in erythropoietin is 
altered, e.g., by substitution or deletion, such that it does not serve as a glycoqrlation 
site. 

In a prefenedembodime0t» the EPOa-hSA fuaon protein has Ihefii^^ R1*L- 
20 R2; R2-L-R1; or R1-L-R2-L-R1, wfaoein Rl is an EPOa amino add sequence, L is a 
pq}tide linker and R2 is human senmidbmnin amino add sequence. Preferably, Rl and 
R2 are covalently linked via the pq)tide linker. 

In a preferred embodiment an amino acid residue of EPO which serves as an 
j^ttfffh m ffnt point for glycosylation has been deleted; an amino acid residue of EPO 
25 which serves as a site for glycosylation has been replaced wi& an amino acid residue 
which does not serve as a dte for glycosylation; the amino add residue vMdi is altered 
is selected fiom flie group consisting of amino add residues Asb24, Asn38, Asn83 and 
Serl26; fhe glycosylation site at amino add residue Serl26 and at least one additional 
N-linked glycosylation site selected fiom the group consisting of Asn24, Asn38 and 
30 Asn83 are altwed; a glycosylation site which provides for N-linked glycosylation is 
altered by leplacmg an Asn residue with an amino add residue other than it, e.g., Ghi; a 
glycosylation site which provides for 0-linked glycosylation is altered by rq>lacing a 
Sct residue with an amino add residue other than it, e.g., Ala. 

In prefened embodiments, the EPOa-hSA fusion protdn is made in a mammary 
35 gland of a transgenic vf*9imn%»\ e.g., a ruminant, e.g., a goat 

In preferred embodiments, fhe H*Oa-hS A fusion protdn is secreted into the milk 
of a tnmsgemc iHamrnfll, e.g., a ruminant, e.g., a goat 
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In preferred embodiments, the EPOa-hSA fusion protein is made, in a transgenic 
animal, under the control of a mammary gland specific promoter, e.g., a milk specific 
promoter, e.g.. a milk serum protein or casein promoter. The milk specific promoter can 
be a casein promoter, beta lactoglobulin promoter, whey acid protein promoter, or 
5 lactalbumin promoter. Preferably, the promoter is a goat p casein promoter. 

In preferred embodiments, the EPOa-hS A fusion protein, in a transgenic animal, 
and is secreted into the milk of a transgenic mammal at concentrations of at least about 
02 mgtol, 0.5 mgAnl, 0.75 mg/nd, 1 mg/ml. 2 mg/nH, 3 mgM or higher. 

In a preferred anbodimoi!, amino acid residue Asn24 has been altered, eg., 
10 substituted or deleted. Preferably, the amino acid residue Asn24 has been rephiced with 
Gto. 

In a preferred embodiment, amino acid residue Asn38 has been altered, e.g., 
substituted or deleted. Preferably, amino acid residue Asn38 has been replaced with 
GtaL 

15 In a piefenedembodnnent, amino add residue Asn83 has been altered, e.g., 

substituted or deleted. Preferably, the amino acid residue Asn83 has been replaced with 
Gh. 

In yet anoflier embodiment, amino acid residue Serl26 has been altered, e.g., 
substituted orddeted. Preferably, the anuno add residue Serl26 has been rq)laced with 

20 Ala. 

In a preferred embodiment: each of amino acid residue Asri24, Asn38, Asn83 
and Serl26 has been altered, e.g., substituted or deleted, sudi that it does not serve as a 
glycosylation site; eadi of the amino add residues Asn24, Asn28, Asn83 and Serl26 
has. respectively, been rq>laced with Ghi, Gta, Gta. and Ala. 

25 In aprefeired embodiment, the fiision protein includes a peptide linka and the 

peptidelinkahasoneormoreofthefollowingdiaracteristics: a) itaUowsforthe 
rotation of the eiyltaopoietin analog amino acid sequence and the human serum albumin 
ammo acid sequence relative to each other, b) it is resistant to digestion by proteases; 
and c) it does not interact with the erythropoietin analog or the human serum albumin. 

30 In a preferred embodiment the fusion protdn inchides a peptide linker and flie 

peptide linker is 5 to 60. more preferably, 10 to 30, amino adds in length; the peptide 
linker is 20 amino adds in length; the peptide linker is 17 amino adds in length; eadi of 
the amino adds in flie peptide linker is selected ftom tiie ffwp consisting of Gly, Ser, 
Asn, Thr and Ala; tiie pq>tide linker mcludes a Gly-Ser element 

35 In a preferred embodiment, the fusion protein includes a peptide linker and tiie 

peptide linker includes a sequence having the formula (Ser^ly-Gly-Gly-Gly)y wherein 
y is 1. 2, 3, 4, 5, 6, 7, or 8. Preferably, the peptide linker inchides a sequence having tiie 
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fonnula(Ser-Gly-Gly-Gly-Gly)3. Prefaably, the pq)tide linker includes a sequence 
having the formula ((Ser-Gly-Gly-Gly-Gly)3-Scr-Pro). 

In a preferred embodiment, the fusion protein includes a pq)tide linker and Hxc 
peptide linka- includes a scquraice having the formula (Ser-Scr-Ser-Ser-Gly)y wherein y 
5 is 1, 2, 3, 4, 5, 6, 7, or 8. Preferably, the peptide linker includes a sequence having the 
formula ((Ser-Ser-Ser-Ser-Gly)3-Ser-Pn>). 

In anoflier aspect, the invention features, an EPOa-hS A fusion protein wherdn 
the EPOa mchides amino add residues Gfai24, Ghi38, Gb83 and Alal26. 
10 In a preferred embodiment the EPOa is Gfai24, Gfai38, Gfai83, Alal26 EPO 0.e., 

only amino acids 24, 38, 83, and 126 differ fiom wild type). 

In another aspect, the invention features, an EPOa-hS A fusion protein which 
includes fiom left to right, an EPOa which includes amino acid residues Ghi24, Gto38, 
15 Gln83 and Alal26, a peptide hnker, e.g., a peptide linker having the formula ((Ser-Gly- 
Gly-Gly-Gly)3*Ser-ProX and human serum albumin. 

In a preferred embodiment the EPOa is Gfai24, Gfai38, Gln83, Alal26 EPO. 
In a prefoied embodiment die fusion protdn is fiom left to right, Gln24, Gfai38, 
Gto83, Alal26EPO, a peptide linker having the toula((Scr-Gly-Gly-<51y-<j^^ 
20 Pro), and human serum albnmm. 

In another aspect, flie invention features, an EPOa-hS A fusion protein which 
includes, from left to right, human serum albumin, a peptide linkw, e,g., a pqjtide linker 
having the formula {(Ser431y-Gly-Gly-Gly)3-Scr-Pro). and an EPOa which inchides 
25 amino add residues Glis24,Gta38,Gta83 and Alal26. 

In apreferred embodhnent the EPOa is Gb24, Gfai38, Ghi83, Alal26 EPO. 

In a irofened embodiment the fiidon protem is from left to right, human serum 
albumin, a peptide linker having the formula ((Scr-Gly-Gly-Gly-Gly)3-Ser-Prp), and 
Ghi24, Gta38, Gfai83, Alal26 EPO. 

30 

In anodic aspect, the invention features, an isolated nucleic acid having a 
nucleotide sequence which encodes an EPOa-hSA fusion protem described herein, e.g., 
an EPOa-hSA fusion protem whoein at least one amino add residue is altered such that 
a site ^ch senres as a site for glycosylation in EPO does not serve as a ate for 
35 gtyoosylation in the EPOa, e.g., an EPOa-hSA fusion protein in which at least one amino 
add residue of the encoded EPOa-hS A can serve as a glycosyladon site m 
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erythropoietin is altered. e.g.. by substitution or deletion, such that it does not serve as a 
glycosylation site. 

In another aspect, the invention features, a nucleic add which encodes an EPOa- 
hSA fusion protein wherein the EPOa includes amino acid residues Gln24. Gb38. 

Ghi83 and Alal26. ^ 

In a preferred embodiment the EPOa is Gln24. Gta38, Gta83. Alal26 EPO. 

In another aspect, the invention features, a nucleic acid which encodes an EPOa- 
10 hSAfiudonptoteinwhidiincludesfiomlefttoright,anEPOawhidiincludesamino 

acid residues Gln24, Gln38, Gto83 and Alal26, a peptide linker, e.g., apepUde bnker 
having the formula ((Ser.Gly-Gly^ly-Gly)3-Ser-Pto). and human serum albumm. 

In a preferred embodiment the EPOa is Gln24. Gta38, Ghi83. Alal26 EPO. 

In a preferred embodiment the fusion protein is ftom left to right, Gln24, Gto38. 
15 Gln83. Alal26 EPO. a peptide linker having the formula ((Ser-Gly-Gly-Gly^ly)3-Ser- 
Pro), and human scrum albumin. 

In another aspect, the imrention features, a nuddc acid which encodes an EPOa- 
hSAfiisioniiwtdn which inctade8,fiom left to ri^ 
20 linker.e.g,apc|,tidelinkerhavingtheformnla((Ser-Gly-Gly-Gty^^^ 

an EPOa whidi includes amino acid residues Gln24, Ghi38, Gto83 and Alal26. 
In a preferred embodiment the EPOa is Gln24. Gto38, Gta83. Alal26 EPO. 
Inapreferred embodiment the fusion protein is ftom left to ri^ toman serum 

albumin, a peptide linker having the formula ((Ser-Gly^ly-Gly^ly)3-Ser-Pro), and 
25 Gta24,Gta38.Gta83,Alal26EPO. 

In ano&cr aspect, the iiivention features, an expression vector or a constat 

yidch inchides a nucleic add offbs invaition. 

In aprefened embodiment, the vector or construct further includes: apromoter, a 
30 selecba)lemarker.anoriginofnTKcation;oraDNAhomologoustoa8pedesofliathm 

human, e.g., goat DNA. 

In preferred embodiments, the promoter is amiDcspedfic promoter. e.g. amiDc 

sennnprotdn or casdn promoter. The milk spedfic promoter is a casdn promoter, beta 
lactoglobulin promoter, whey add protdn promoter, or ladalbumin promoter. 

35 Prefoably, die promoter is a goat p casdn prwnoter. 

In another aq>ed. the invention features, a cell whidi includes a vedor or nucldc 

acid of &e invention. 
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In another aspect, the invention features, a method of making an EPOa-hSA 
fi^ioninanucleicacidconstructoravector. The method includes, fow 

construct or vector, a sequence in which a nucleic acid which encodes an «ytlm>po.etm 
5 analogislinkedinfiametoanucleicacidwhichencodeshumanserumalbumm. 

In another aspect, the invention features, a method for making an EPOa-hS A 
fosionprotein.e.g..iromacult«redcell. The me^ ii^tades s^pplymg a^^ 
includes a nucleic acid which encodes an EPOa-hS A fusion pn)tem, ^'dexpre^mg the 
10 ^S!^Afi^onproteinlh»rthenucldcadd.ther^^^ 

^'"'^Inaprcfern^lembodiment.thecellisamammaUan.yeast.plant.inse^ 
bacterialcelL S«itd,le mammalian cells include CHO cells or other similar expr«^ 

15 '''^inapreferredembodhnent.thecellisamicrobialcell.ac^ 

'""^^tl^ferredembodiment.theEPOa-hSAfi^ionp^^ 

'"''^apiefcriedenflKHita^ 
20 theincthodfiEtherincIudespun^theEPOa^iSAfuri^ 

medium. 

In a preferred embodiment, the EPOa includes amino add residues Gto24. 

Ghi38,Ghi83andAlal26. ,o/;tn>n 
25 InapreferiedembodhnenttheEPOaisGb24.Gta38.Gta83)Ual^ 

Inaprcferredembodiinent.theEPOa^Afiudonprotd^ 
right. anEPOawhidiinctades^ninoacidresidues Gto24.Gta38.Gln83^dAlal26.a 
pitidelinker.e.g,apeptidelhdcerhavingtheformula 
Pn)V and himian serum albinniiL 

GU^,AUlMEK>..pq«ii.Hd»k.vi,«<teto™l.((S«-Glj^ 

Pro), and human serum albuxnin. ^ ^ i a4 

In a preferred embodiment, the EPOa*S A fijsion protein includes, ftom left to 
right.humanserumalbumin..peptidelinker.e.g..apeptidelinkcrh^ 
35 ((S«^-Gly^ly^ly^ly)3-Ser-P«XandanEP0awB^ 
Gta24, Gto38, Gto83 and Alal26. 
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taap^fcneden^odimcntthcfusianproteinistalcfttori^^ 
albunun,apeptidcUnkerhav«gthefbnnuU((Ser-^^^^^^ 
Gb24,Glii38,Qln83.AlalMEPO. ,,„vi,i, 

^Ttetav=ndonals.i«l»l«n««.ois.fn»ktags»chc.lU.e.g,by^n^ 
preUto.e.g,>i>EPOa4iSA«isioi.pioteiBd«cnb«dhoeB. 

15 moduct produced by the organism. . 

,f . «..g«uc n^nnd at conc«>ln«iom of a l«st -»« mg(nJ, 0 J 
Mtal.lmgtal,2mg«,3iiigW«'"!'"- ^ . ^_n.hSA 

milk, seeds, hair, blood, eggs, or urine. 
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I„yetanc.ihercmbodin.eat..heEPOa-hSAf«sionptoteinU 

10 inaptefeirederobodunentthefusionproi ,w«Pr^lv^lv-Gly-Gly)3-Ser. 

Gto83.Alal26EPO.apeptideUnkerhavingtbefonnula((Scr-Gly^^^^^ y)3 

P„,).andh«inan serum alb^ -.eEPOa-hSA fusion ptotein includes, from left to 
Inaprefern«iembodmieat.^e^al^Ato P^^ 

right.humanscnm».Ibumu.ai^Ude^^^^^^ 
15 ((Scr^ly-GlyGly-Gly)3-Ser-Pro).andanEPOawlucnm 

Glii24.Gta38.Gln83andAlal26. , to riehUtaoMasenim 

,.aprefer.edeml.dimentthe^ionp«^^^^ 
albumin.apeptidelinkerbavingthefonnula((Ser-Gly-Gly-Giy yj3 

Glii24, Glii38. Gto83. Alal26 EPO. 
25 be expressed; and, preferably, recovetmgiirv/ 

35 ^.FK6n*ly.tl»P™«>»"'«°^P'**"'^ 



liiiiii ■ ■ ■ nil, li 
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1 Gln38,Gln83andAlal26. . ^, r'l^ia f;in83 Alal26EPO. 

to . p.fc«i emb«to.«t, the EPO».hS A toon ^ 

Gta24, Glii38. Gln83 and Alal26. , • left to right, human serum 

20 Gb24.Glii38.Gto83,Alal26EPO. 

opendvdy linked to apimnoter sequence IS mtroaucea ui 

residuesGln24,Gln38.Gln83andAlal26. Alal26EPO. 
33 -preferred^nhc^^^^^ 

right, an EPOa wlu A includes amino add residues G11124. Gto3 8. OlM^ 
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peptidelu4er.c.g..apcptidc linker havingthcfann«la(^^^^^ 

PioV and hunmscnim albumin. 

* l..p,fc™l«nbodim=n.O.= f»^onpro«i»isfro.al=ft»n^Gl^.G^^^ 

5 Pro^ and human serum albumin. . . , • x: i^*-^ 

GbM, Gln38, Obi83, Alal26 EPO. 

Proband human soum albumin. . r*, «>i r«i«« 

to.pr.f»»d»bodi««th.M«.pro«taUfioml.ftton|^t<a^ 

Pm\ mdhmnMisenimalbimiiL ,j„ s™,ul>t» 

35 Gln24, Gln38, Gln83 and Alal26. 



PCTAJS99/13438. 

WO 99/66054 

-10- 

Glii24,<3ta3«, Olnra. AtoWS EPO. 

„.c.J!l.rf-.e«-K>u,(Um>«03m,W,0.75m,*.41mg« 

SmgAadortaigher. 

InaprefeaedenflK.toeat.fheEPC)aii«luto 
Gto38,Gln83andAlal26. AuiofiPPO 
^!Li»«dembodime«.lheEPO».hSA fusion pn.temuKl«des6omte« to 

15 Pro) and human sOTmalbumm. . , ^ n_ 
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c lw^ .r,A «, FPOa which includes amino add residues 
((Ser-Gly-Gly-Gly-Gly)3-Ser-Pio). and anEPOa wmcn 

Gto24.Gto38.Gln83andAlal26. ^ from left to right, human serum 

inaprefenedanbodimenlthcfi^onp^^^ 

albumin.apeptidelinkerhavingthefonn«la((Ser^ly-Gly-^y 
5 Gta24.Gto38.Ghi83.Alal26EPO. 

includes a transgene which encodes an EPOa hb A iu« 

fosionpioteindescribedh^ein. g^^^ protein is under the control of a 

0 m preferred embodmien^ "^/f ^moter. .g-, a milk serom 

-a-ary gland specificpromo^^ 
ptoteinorcaseinpiomoter. The nulk specific pw^ 
lactoglobulinpromoter.wheyaridprotcmpromoter.orlacta«, 

Pieferably, the promoter is a goat P casein promoter. 
15 , tu^FPOa-hSAfusionproteinissecretedinto&emilk 

Gln83, Alal26 EPO. a peptide hnkerhavmguK 

p„).andhumansenmdh«ni>^ ««EP0a4.SA fusion protein includes, from left to 
Biaprefetredembod«nent.toE^Afi^^^^^ 

30 xight.lnnn^iscrumann^^.1^^ 

((Ser-Gly-Gly^ly-Glyb-Ser-Pro). and anEPOa wmcn 

Gto24,Gln38,Gto83andAlal26. «««, left to lifiht. human serum 

'xnapreferredemhodimentthefrisionp^^^^^ 

aibumin.apeptidelinkerhavingtheformula((Ser^ly-Gly-^y 
35 Gln24.Gta38,Gto83.Alal26EPa 
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20 Gln38,Gta83andAlal26. ^, /^u.oi Auo^iPPO 

b.J^mbodim=fttl»EPO.-l.SAfW<n.pn«em»rt.ta4^^^ 

ObB.A1.126EPO..pq«id.li.*»l-«i^*''«-'<<S-^^ 

Proband human senm albumin. . , , ^ «_^i-ftfA 

}5 Glii24.Glii38,Gto83,Alal26EPO. 
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fusion protein dcscnljed herein, andaphaimaceuticaiv 

Inaiwferiedembodment,theEPOaKAm 83 3^Alal26.a 

Pio). and human serum albumin. .^^^in is ftom left to right, Gto24.Gta38, 

to apreferred ^''^'^^^^''^ .^^^^ 
Gln83.Alal26EPO.apeptidclinkerhavingtheforn«aa((S«^^^^^ 

. pw). and hnman serum atain. ^ ^^^^^^^^^^^^ ^^^ 
15 lnapreferredembodment,AeEP2»^A^^^P^ 
rig,,h»manserumalbum,Xap^t.de^^^^^ 
((Ser-Gly-Gly^ly-G»y)3-S«-Pro), and anEPOa wwcn 

Gln24.Gln38.Gln83andAIal26. ^^j^^^ left to right, human serum 

peptide linker, e.g., a peptide hnlcer navmg 
. 1 J i..^iMi cAnim albumin. 



35 Pro), and human serum albumin. 
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taaprefcrredembodimcat the tonproteinis&om left to right, G^^^ 
GU.83.^1^UapeptideH^erhaving..efo„nula«^^^^^^ 

5 right.hLsenunaIbun^apeptidelinke..e.g..apeptidelu*^ 
f;in24 Gln38.Gln83andAlal26. 

10 Olii24,Olli3».Oto83,AI»12«EPO. 

^in^«U0.100orlOOO,m«i«r»».fBPO.*SAIi»«mpn^ 

S^ta™«^«lim.u((s»^l)^«ly•o^-o'»)3■S"-'")•■»''-^ 
Zirrte».i.io.ioo«iooo«img»-ofEPo..bSAto«.p~»«. 
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Alal26. , . nto38 Glii83, Alal26 EPO. 

0 Gb24,Gta38,01ii83,AW26BPO. ,„j„rtte-al 10, or 100 

20 associated with renal tauuie,aH»m . -gjative patient 

P„). andtaman serum db^ ^ ^^^^^^^ j^ 
I„.pref«redembodiment,^e^al^A^ 

35 ri^b.nianse«maIbunim,apq,Udcto^^^ 

((Ser-Gly-Gly-Gly-Glyb-Ser-Pio). and anEPOa wmcnmi^ 

Gln24, Gln38, Gln83 and Alal26. 
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Inapreferiedmbodimentthefimonpwtemis&omlefttorigh^ 
albunmuapeptidcliriccrhavmgflicfonnulaaSer^ly^^^^^^ 
Gta24. Gta38, Gln83, Alal26 EPO. 

5 In another aspect, the invention features, a method of t^^^^ 

eryth«,poietin. Tl.e method includes deUvering or providing a nucl^ 

^hS A fusion protdn. e.g, a fusion protein described h««n. to the subject 

In.prefern^i embodiment, thcnudeicacidisdeliveredtoatargetcenof the 

10 '"''"^'ina-prefenedembodimcnt.thenucldcacidisdeliveredor^^ 

biologically effective earner, e.g., an expression vector. .^^ 

to a preferred embodiment, the nucleic acid is deUvered or provided m a cell. 

e.g.. an autologous, allogeneic, or xenogeneic cell. 

Inapreferredemboduncnt.theEPOaincludesaminoactdres.duesGta24. 

15 Gto38.Gto83andAlal26. ,-<W\ 
In.p«fm.d«bodta«.theEPO.UGto24.0h3«.OIn83.^^^ 

I..p«ft»rfaAodimB*lteBPO»*SAflBk«i««etoinol»dcsS« 
Hgl^3.BP0.whichi»toto«»i~«M«»« G1.^4,(M8 01n.3and Al.n6,. 

GM3.AU»MEPO..p.pSdelid»h.vi«itofonp*«S«^-On'-<^^ 
Pro), and human serum albumin. , j_ ««.«i»fttn 

Gta24,Gto38,Gto83andAlal26, 

I..-*n«i««b»fa««te«^oo,ro«misfc»nW.«>ngb^h^ 

30 011124, ata3>,Gliin.Al>12e EPO. 

de»»<taitof«ieceU,loglveiiseto.lianj^«g«'«^ 
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5 rabbits,cows.pigs.hoises.oxen.aiiau . ^jjen^n, of a transgenic 

andtuxkeys. Where the tr.nsgemcpio^iS^^«^«>^^^^ 
3^fec«uinal8ho«ldbeabletoproduceatleastl,ai«im P 

or 100, Utersof mOkperyear. 
Gb38. Gln83 '«;^''V,^^Epoais Gln24. GU.38. Gta83. Alal26 EPO. 



Pio),aiidtaiman8eiumalbumm. . • vft«»ntefttoriBht.Gto24,Gta38, 

30 ((to-Gly-Gly-GIH31y)3-S»»»''»*"'^'*^ 

Glii24. CMS. Ota83 «nd Al»126. 6™ii,(iioiiriit.talllianMn«ll 

3n^apeptideHnkerhavmgthef(»muU((Ser^ly^^^^ 
Gto24.Gto38.Gto83.Alal26EPO. 

potem. « a purified preparation fliereof. e.g. tne or 
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residues Can24.Gln38.Gln83 and Alam Alal26EPO. 
In a prcfcned embodiment the EPOa is Gta24. Gta38. Glii83. Aiaiz 

10 ,„anotheraspect,theinventionfeatuxes.anisolatednuel^^ 
nucleotide sequence which encodes anEPOadescribedherem. 

,nanother.spect.themveati<mfeat«res.»cxpressionvc^^ 
v^ch includes an EPOa nudeic acid described hetem. 

. 4 K ^;™«,t the vector or construct furtherindudesrapiomoter, a 

goatDNA. 

which expresses It, e.g.irom v modnced by a transgenic animal. The 
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5 rt^s^v^otilOcm 

A substantially pure nucleic acid, is a nucleic acia wrau 
^e.l.conti.ous..e...one..^^^^ 
10 whhwhichitisimmediatelyconUguo«s(i.e onea^^^^ 

thcnatundly^ccurring genome of the organism ^^^"^^'^'^.^^ 

^h^imr«ch ■.»».I»>««*'«° 'J^ ^^^^^ 
15 ■«)Ucaingpla>mid«»inft«h»ttogci«»mcDl«ofai«oli^ 

se,pe„c«u S»bsMliaay P« DNA ato mch»ies . 

25 iseaiihralenttoaniinoaddornuclcicacid^dentity^.Tnepe^ 

thetwosequenc^B gjjionsAolal # of positicms x 100). 

sequences(i.e.%homology-#of denucaipo^^ 

ForeMmple,if6of 10.ofthepositionsintwo8equenc«aicmaiai j 
Z.^osequencesare60%hcmiolo^ 

then the two sequen .T-rnrr and TATGGC share 50% homology or 
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iXi «al.(.990)/.m«W: 215:403-10. BLAST »d.oad.s»*««».b. 

5 Bl>Srp™«to«»ci«c»b.p«(onnrfwi*fteXBI^propm^-5^ 
^-i.-3»ok«.»»no«ds.,uenc«homo,og»^«.nALYj™^ 

Wh.oua«zi^BLASr-Kl(3.pi«lBWSTp»gn«s.«>«=''^-« 

e.g^ one or more -an include one or more transcnptional 

™«n™iL a urine specmc iromoter, or an egg specific promoter. 
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Othcrfeaturesandadvantagesoftheinvcadonwmbea^^ 
following detailed description, and from the clainis. 

Detailed Description 

5 •n«*^'"'^.'r^^,.EPOa-hSAfusionc««^ Asterisks 

Figure; is a schematic diagram of EPOanaAiu:" 



10 



el ymwlal i m „rfiM„ ae matmliM" of oylboid piogenilor 



25 chaiactenzedbyN-linkedohgosaccM^^ 
deletion of an amino acid residue. 
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^'^I^^Ldanalogsarelistedbelow.wherein.Xaaisan 
support attachment of a sugar «sidu«^ e.g.. Gin or Ala 



10 



wild-type 



EPOa-1 



EPOa-2 
EPOa-3 
EPOa-4 



EPOa-S 
EPOa-6 

EPOa-7 
EPOa-8 



EPOa-9 



EPOa-10 



EPOa-11 
EPOa-12 



EPOa-13 

EPOa-14 
EPOfr-15 



2A 

Asa 



Xaa 



Asn 
Xaa 
Xaa 
Xaa 
Asn 
Am 
Xaa 



Xaa 



Xaa 



Xaa 
Asn 
Asn 
Asn 
Asn 



38 



Asn 



Xaa 



Xaa 
Asn 
Xaa 
Xaa 
Asn 
Xaa 
Asn 



Asn 



Xaa 



83 
Asn 



126 

Ser 



Xaa 



Xaa 



Xaa 
Xaa 
Asn 
Xaa 
Xaa 
Asn 
Asn 



Xaa 
Xaa 
Xaa 
Sa 
Xaa 
Ser 
Xaa 



Asn 



Ser 



Asn 
Xaa 
Xaa 
Asn 
Asn 



Asn 



Ser 



Xaa 
Asn 
Asn 
Asn 
Xaa 



Ser 

Xaa 

Ser 

Xaa 

Ser 



Ri; RrRi; Rl-RrRi; " I^rRrR2n«'herem Ri IS an EPO analog 
pqitide linker sequence. 
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EpdaandhSAdomdiuiarcUidccdtocach other, pref^^^ 

T^riinkcr sequence should separate EPOa and hS A domains by a durance 

::sr"^rido„«iBP»p-yro^ 

lure. Prefeneilir*ersequences(l)shouidadoptaflexible«^ 
3 co.orrn.tio..)sho.dnote,.^^^^^^ 

3^ Which could mteract with the j,,^ 
3.ouldhaven.iuirnalhydn,ph<*^^ 

S;™utralanunoadds.^asThrandAla.canalsobeuse^ 

""""^linker sequence leogthoflOaininoaddscanbeusedtoprovi^ 
3e^rLlualprotrdonia..al.oushlo^^^^ 

fom5to500ammoaddsmlcngth.ormoiepiefcrablyfiom5toiuu 

^ Preferably the Unte sequence is fiom about 5-30 aimno acids m length, fa 

length. Keieraoiy, UK --n «i«,«t S to about 20 amino acids, and 

fused Id Has N-tennimis of EPOa. 

30 

BmrnnhinmnProdnrt im «„u«„«>aredwiai standard recombinant DNA 

AnEPOa-hSAfusionprotemcanbepreparettWKn»uH««u 

Aniifuan;^ ^ _ ^ Amicleotide 




techniques using a nnddc i 
sequence encoding a fiwion protein caa be 1 

"""^nuddcaddencodingafosionproteincan 

e.^.^t:;C^ TherecombinantceUscanbeused 
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to produce the fusion piotcin. A nucleic add encoding a 
i„troducedintoahostcell.e.g..byhoniologousiecombination. In most cases, a 

nucleic acid encoding the EPOa-hSA fosion protein is incorporated into a 

recombinant expression vector. 

ThenuLtidesequenceencodingatonproteincanbeoperaU^^^ 

oneormoreregulatorysc<^cnces.selectedonthebasisofthehostcelU^^^ 
expression. T^^e term "operablylink^" means that the sequences enco^ngti^^^^ 
!^compound are linked to the regulatory sequence(s) i^ 
expressionofthefimonprotein. Tlie term -^gulatory sequence" refers to promo^ 
,0 eL««sandotherexpressioncontrolelements(..g..pol^^^^ Such 
^ryseq»encesaredescnT«d.fbrexample.inGoeddeU^^^^^^ 
^2gy: Methods in En^logy IfiS. Academic Press. San Dxego. CA (1990) the 
contentof^diareincorporatedhereinbyreference. Regulatory sequences mclude 
those that direct constitutive expression ofanucleotidesequencemmany^^^^^ 

cells, those that direct expression of the nucleotide sequence only m cettam host cells 
(....tissue-specificregulatorysequences)andthosethatdirectexp^ 

r^lemamier(..g..onlyinthepresenceof«iind«^^ Itw^be 
a^bythoseskinedintheartthatthedesignoftheexp^^ 
S^suchfi««on.asthed»ieeof&ehostceUtobetr^ 
^onoffi«ionproteindesired.andthelike. TT»e fusion protemex,^onv^ 
^hmoducedinlohost cells to thereby pr^ 

Recombinantexpressionvectorscanbedesignedtoexpressionoffu^^^ 
proteins inprokaryoticoreukaryoticcdls. For example, fusion proteir« can be 
Lressedinbacterialcdlss«chas£:«>/i.i^ 

«^onsystem).yeastceIlsormammato Some suitable host cells are 
^dtotoinGoeddel.Ge«e£9^e^«recfc«o/^^^^ Meau>dsrnEnzymology 
185. AcademicPress. SanDiego. CA (1990). Examples of vectors for expression m 
^^^^^cludepYepSecl (Baldari-a..(1987)^07..^9^^P^a 
^anandHerskowitz.(1982)Cy/aQ:93^943).pJRY88(Schultzer^ 
SriM23).andpYES2(InvitrogenCorporation.SanDiego.W B-^--vectors 

avaih^leforexpre^onoffusionprotdnsinculturedins^ 
|«.ludethepAcseries(Smi1herd:.(1983)AfalC^l»ioUi2156.21^^^^ 

seriesa^w.VJU«^S«mmers.MJ),(1989)rm,tegy»l.^^^^^ 

Examples ofmammaHanexpressionyectors include pC3)M8(Seed.B 

a987) ^flft.rem840)andpKnm:(KB«to era/. (1987). £WB0y.fi:18^ 
W«ausedinmammaBanceBs.theexpression vector's conto^ 



25 



30 
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providedbyviralrcgulatoiyclments. Forexample,co^^^ 

derived ftom polyoma. Adenovirus 2. cytomegaloviius and Simian Virus 40. 

In addition to the regulaloiy control sequences discussed above, the 
recombinantexpressionvectorcancontainadditionalnucleotidesequence^ 
5 cxample.therecombinantexpressionvectormayencodeaselectablem^^ 

identifyhostcellsthathave incorporated the vector. Moreover, to ftcUitate secretion 
of the fusion protein fromahost cell, in particular rnainmalian host cett^fte 
,«:ombinantexpressionvectorcanencodeasignalsequenceoperatn^ 
sequencesencodingtheamino-terminusofthefusionproteins^^ 
10 expression.thefiudonprotcinissynthesizedwiththesi^ 

terminus. TTus signal sequence directs the fusion protem mto the s««etory 
pathway of the ceU and is then cleaved, allowing for release of the mature fi«»on 
protein {Le., the fiision protein without the signal sequence) from the host celL Use 
of a signal sequence to «tate secrt^tion of proteins or peptides from mammalian 

15 host ceUs is known in the art 

Vector DNA can be introduced into prokaryotic or eukaryotic cells vm 
eoi^onaltransfimationortiansfectiontechm 

Wmnation- and Wection" refer to a variety of art-recognized techmques for 
i.,,^facigam«:leicadd(e.g..DNA)intoa 
20 phosphateorcaldumchlorideco-predpitation.DEAE-dex.«n^ 
UpoLon.electroporation.microinjectionandvind-m^ 
Methods for transfomin* or transfecting host celkcan befo^^^ 

i^MoUcularCUming: ALab<^Manml^ 

Laboratorypress (1989)). and other laboratory mamials. j„tn 
25 (Wcnonlyasmanfiactionofmammaliancellsintegratetheforei^ 
togauime. in cider to identify and select these integnmts. a gene ths^eiic^^ 
»electablem«kcr(e:g..resistancetoantibiotics)canbeintt^ 
alongwiththegeneencodingthefusionprotein. Preferred selectable markers mchide 
thosefluUconfaresistancetodnigs.suchasC34l8.hygromycmandm ^ 
30 Nucldcaddencodingasdectablemarkercanbeintrodu^ 
vector as that encodmg the fusion protein or can be introd«c«^ 
Cells stably transfccted with theintroducedmuddcacidc^ 
selection(e.g..cdbthathaveincorporatedtheselectable 

vMe&eoOiercdlsdie). . . . 

35 AiecombinantexpresdonvectorcanbetranscnTjedandtn^ 

r sequences and T7 polymwase. 
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DNAc««n»B«mbeb«rf«c.din»th.gamlteofa«™nd«.n»^^ 
5 a»Bi»iMofamaniiMlimOTb>yobystanaai4tnmsg«mcl^ 

M=n-s«.a.p™d»>.^v,l-»ofn».k--I»..=.«'.«^ 

10 orefenwi animals include oxen, rabbits and pigs. ^ 

i,,^.»^g».i«ot«gennltocof.h.»on.h-»»M. T"^-^ 
i^uced ■»«, «nb,yo.«l «^ " various doxlopn»»^ 

used dep«tog tte sup of of 4» »^ 

reproductive fitness. 

„jBplaiiiiliantaUll»suing>ttlust. ..^a^o^ 

p«.c.rftoc»»««tyso«banblo.a.aly.i»of.s=gm».of««^»^ 
30 Ug«»m»r.c.pi«.f«»«08«omcto,«dcoas«.«s»^ly»^"»*» 
^c«.b..«d«.«abUsh.p«™ane«»««p.tfc™^ 
transgcnically added construct t^.^uxu^d,* 



SUBSmVfE SHEET (RULE 2a) 



WO9»66054 PCT/US99/13438. 

.28. 

maturity. The female species of these progoiy will produce the desired pioteiii in or 
along with their milk. The transgenic mammals can be bred to produce other transgenic 
progeny useful in producing the desired protms in their milk. 

Transgenic females may be tested for protein secretion into milk, using an art- 
5 known ass^ technique, e.g., a Westem blot or enzymatic assay. 

prt ^f rrinti ftf Tranfigeni r Pwrfftiii in tli> MiW of a TTansgenif. Animal 

Milk Spr''^** l^nmnters 

10 Useful transcriptional promoters are those promoters fliat are preferentially 

activated in mammary epitiielial cells, including promoters that control Uie genes 
encoding milk proteins such as caseins, beta lactoglobulin (CHark et aL, (1989) 
Bio/TechnologyJL- 487-492), whey acid protein (Gorton et al. (1987) Bio/Technology 1: 
1183-1187).andlactalbumin(SouUeretal.,(1992)fEB5Lc«J. 22Z:I3). Thcalpha, 

15 beta, gamma or k^)pa casein gene promoter ofany mammalian species can be used to 

provide mammary ejqjression; a preferred promoter is tiic goat beta casein gene 
promoter (DiTuUio, (1992) Bio/Technology iHilA-lT). Milk-specific protein promoter 
or the promoters that are specifically activated in mammary tissue can be isolated ftom 
cDNA or genomic sequences. I^erably, tiwy are genomic in origin. 
20 DNAsequfflice information is availabte for mannnaiy gland specific ^es listed 

above, in at least one, and often in several organisms. See, eg., Richards et aL, J. BioL 
Chem. 256, 526-532 (1981) (a-lactalbmnin rat); Canqibell et aL. Nudde Acids Res. 12, 
8685-8697 (1984) (lat WAP); Jones et aL, J. BioL Chem. 260, 7042-7050 (1985) (rat p- 
casein): Yu-Lee & Rosen. J. BioL Chem. 258, 10794-10804 (1983) (rat y-casein); HaU, 

25 Biochem. J. 242, 735-742 (1987) (a-lactalbumin human); Stewart, Nucleic Acids Res. 
12, 389 (1984) (bovine osl and k casein cDNAs); Gorodetslqr et aL, Gene 66, 87-96 
(1988) (bovine p casein); Alexander et aL, Eur. J. Biodiem. 178, 395-401 (1988) 
(bovine k casein); Brignon et aL, FEBSLett. 188, 48-55 (1977) (bovine oS2 casein); 
Jamieson et aL, Gene 61, 85-90 (1987), Ivanov et aL. ITtoJL CSiem. Hoppe-Seyler 369. 

30 425-429 (1988). Alexanders al..Ar«c/eic .40* Res. 17, 6739 (1989) (bovine P 

lactoglobulin): rOotte et aL. Biodiimie 69, 609-620 (1987) (bovine a-lactalbumin). The 
structure and fimction of tfie various milk protein genes are reviewed by Marcier & 

Vitotte, J. Dairy ScL 76, 3079-3098 (1993) Cmcorpprated by reference in its entirety for 
all purposes). If additional flanking sequence are usefiil in optimizing c3q>ression, sudi 
35 sequences can be cloned using tiie existing sequences as probes. Mammary-gland 
spedBc regulatory sequences ftom different organisms can be obtained by screening 
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libraries from such organisms using known cognate nucleotide sequences, or antibodies 
to cognate proteins as probes* 

Signal Sequences 

5 Useful signal sequences are milk-specific signal sequences or other signal 

sequences which result m the secretion of eukaiyotic or prokaryotic proteins. 
Preferably, the signal sequence is selected from milk-specific signal sequences, Le., it is 
from a gene which encodes a product secreted into milL Most preferably, the milk- 
specific signal sequence is related to the milk-specific promoter used in the expression 

10 system of this invention. The size of the signal sequence is not critical for tins 
invention. All that is required is that the sequence be of a sufficient size to effect 
secretion of the desired recombinant protein, e.g., in the mammary tissue. For example, 
signal sequoices from genes coding for caseins, c.g., alpha, b^ ganmia or kappa, 
caserns, beta lactoglobulin, whey add protein, and lactalbumin arc uscfiil in tiie present 

15 invention. A prcfenred signal sequence is the goat p-casem signal sequence. 

Signal sequences fiom other secreted proteins, e.g., proteins secreted by liver 
cells, kidney cell, or pancreatic cells can also be used. 



20 nNA ronstmcts 

An EPOa-hSA fusion protdn can be aq)ressed fiom a constnict ^ A 

promoter specific for mammary epiflieUal cells, eg., a casern promoter, cg^ a goat beta 
casein promoter, a milk-specific signal sequence, e.g^ a casein signal sequence, e.g., a p- 
casein signal sequence, and a DNA encoding an EPOa-hSA fiision protem. 

25 A construct can also mclude a 3' untranslated region downstream of the DNA 

sequmce coding for the non-secreted protein. Such regions can stabilize ttie RNA 
transcript of the «q)iession system and thus increases tiie yield of demedprotdn fnm 
the oqncssion system. Among the 3' untranslated regions usefiilm the constnicts of fliis 
mvCTlion arc sequences that provide a poly A signal Such sequences may be derived, 

30 c.g., fiom the SV40smaUtandgcn, the casein y untranslated region 

untranslated sequences weU known in the art Preferably, fixe 3* untranslated r^on is 
derived fiom amilk specific protein. The length of the 3' untranshted region is not 
critical but the stabilizing effect of its poly A transcript q)pears important in stabilizing 
the RNA of Ae oqnession sequence. 

35 A construct can include a 5' untranslated region between the pn)motff 

DNA sequence encodmg the signal sequence. Such untranslated regions can be fxm the 
same control region fiom which promoter is taken or can be fiom a different gene, e.g.. 
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they may be derived from othw synthetic, semi-synthetic or natural sources. Again their 
specific length is not critical, however, they ^ear to be useful in improving the level of 
eiqnession. 

A construct can also include about 10%, 20%, 30%, or more of the N-tenninal 
5 coding region of a gene preferentiaUy expressed in manmiaiycpilheBdcclls^ For 
example, the N-tenninal coding region can oonesiMnd to the promoter used, e.g., a goat 
p-casein N-teiminal coding region. 

Prior ait methods can include making a construct and testing it for ttie ability to 
produce a product m cultured cells prior to placing the construct in a transgenic annnal. 
10 Surprisingly, the inventors have found that such a protocol may not be of predictive 
value in determining if a normally non-secreted protein can be secreted, e.g*, in the milk 
of a transgenic ammal. Therefore, it may be desirable to test constructs directly in 
transgenic animals, e.g., transgenic mice, as some constructs which M to be secreted in 
CHO cells are seoeted into the milk of transgouc anhnals. 

IS 

PimfiftfltiAtifrmwmilk 

The transgenic protein can be produced in milk at reUitively high concentrations 
and in large volumes, providing continuous hi^ level ouQ)ut of normally processed 
peptide that is easily harvested firom a renewable resource. There are several diflfcicnt 

20 methods Imown in tiie art for isolation of proteins fiponimil^ 

Milk ptotrins usually are isolated by a Combination of pro^^ R^oiilk^ 
is fractionated to remove fiUs, fiir example, by skimming, ccnirifiigation, sedim e ntation 
(R B S waisgood, Devetopmeots in Dairy CSiemistiy , I: Chemistry o f Milk Protein, 
AppUed Science Publisher^ NY, 1982), acid precipitation (U.S. Patent No. 4,644.056) 

25 or enzymatic coagulation with rennin or chymotrypsm(Swaisgood,i6ii.^^ Next, the 
major milk proteins may be fractionated into either a clear solution or a bulk precipitate 
from which tiie specific protein of mterest may be readily purified. 

USSN 08/648,235 discloses a method bt isolating a soluble milk conqxment, 
sudi as a peptide, in its biologically active form firom whole milk or a milk firaction by 

30 tangential flow filtration. Unlike previous isolation methods, tins elhnmates the need 
for a first fractionation of whole noilk to remove fot and casein micelles, tiiereby 
8faiq)lifying tiie process and avoiding losses of recovery and bioactivity. This mefliod 
mi^ be used in combmation with additional purification stq)s to fiirtiia remove 
contaminants and purify the conqxmeiit of interest 

35 

pmHiicrinTi of Transgenir Prntein in the Eggs of a TransPffllic Animal 
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An EPO*-hSA fusion protein can be produced in tissues, secretions, or other 
products, eg., an egg, ofatransgenic animal EPOa-hSA can be produced in the eggs of 
a transgenic animal, preferably a transgenic turkey, duck, goose, ostrich, guinea fowl, 
peacock, partridge, pheasant, pigeon, and more preferably a transgenic chicken, using 
5 methodsknownintheait(Sangetal.TrendsBiotechnology.l2:415.20.1994). Cicnes 

encoding proteins specifically expressed in the egg, sudi as yolk-protein genes and 
albumin-piotein genes, can be modified to direct expression of EPOa-hSA. 

10 Useful transcriptional promoters are those promoters fliat are preferentially 

activated in the egg. including promoters that control the genes encoding egg proteins, 
e.g.. ovalbumin, lysozyme and avidin. Promoters from the chicken ovalbumin, 
lysoryme or avidin genes are preferred. Egg-specific protein promoters or the promoters 
that are specifically activated in egg tissue can be firan cDNA or genomic sequences. 

15 Preferably, the egg-spedfic promotes are genomic in origin. 

DNA sequences of egg specific genes are known in the art (see, eg., Buriey et 
aL. -Tbe Avian Egg". John WUey and Sons, p. 472, 1989, the contents of which are 
incorporated herein by reference). If additional flanking sequence are usefiil in 
optimizing expression, sudi sequences can be cloned using the existing sequences M 

20 probes. EggspecificregulatorysequencesftomdifBaentorgaiiismscanbe^o^ 
screening UTjraries fiom such organisms using known cognate nucleotide sequa 

antibodies to cognate protdns as probes. 

T>«T.«yiwirPl«iiit5 

25 EPOa-hSA fiision protein can be e)q)ressed in a transgenic organisin,e.g.. a 

transgenic plant, e.g., a tnmsgenic plant in which the DMA transgene is inserted into the 
nudearorplastidic genome. Plant transformation is known as the art See, m general. 
Methods in Enzymlogy Wol 153 CRecombinant DNA Part D") 1987, Wuand 
Grossman Eds.. Academic Press and European Patent Application EP 693554. 

30 Foreignnucleicacidambeintroducedinloplantcellsorprotoplastsbyse^ 
mediods. For example, nucleic add can be medianically transfiaied by microinjection 
directly into plant cdls by use of miaopipcttes. Foreign nucleic acid can also be 
transferred into a plant cdl by using polyethylene glycol which forms a precipitation 
complex with Ihe genetic nwterial that is taken up by the ceU (Paszkowdd et aL (1984) 

35 EMBO J. 3:2712-22). Foreign nucleic acid can be introduced rato a plant ceU by 
electroporation(FrommetaL(1985)iV()cArafil^cai&i C;^ Inthis 
tedmique. plant protoplasts are dectroporated m the presence of ptasmids or nuddc 



SUBSTITUTE SHEET (RULE 28) 



wo 99/66054 PCr/US99/13438 - 

-32- 

adds containing the relevant genetic construct Electrical impulses of high field strength 
rcveisibly permeabilize biomembranes aUowing the introduction of the plasmids. 
Electropoiated plant protoplasts refonn the ceU wall, divide, and form a plant callus. 
Selection of the transformed plant celU with the transformed gene can be accomplished 

5 using phenotypic markers. 

Cauliflower mosaic virus (CaMV) can be used as a vector for introducing foreign 
nucleic acid into plant cells (Hohn et aL (1982) "Molecular Biology of Plant Tumors." 
AcademicPiess,NewYodc,pp.549.560;Howcll,U.S.PaLNo. 4,407,956). CaMV 
viral DNAgsnome is inserted into aparcnt bacterial plasmid creating a recombinant 

10 DNAmoleculewhichcanbepropagatedmbacteria. The recombinant plasmid can be 
further modified by introduction of the desired DNA sequence. The modified viral 
portion of the recombinant plasmid is then excised firom the parent bacterial plasmid, 
and used to inoculate the plant cells or plants- 
High velocity ballistic penetration by small particles can be used to introduce 

15 for«gnnucl«cacidintoplantcells.Nudeicacidisdisposedwithinthematri^ 

beads orparticles. or on the surfice (Klein etaL (1987) Atoiire 327:70-^^^^^ Although 

typicaUy only a single introduction of a new nucleic acid segment is required, this 

me&od also provides for multiple introductions. 

Anucldc add can be introduced intoaplantceU by infection ofaplant cell, an 

20 explant,ameristemoraseedwilh4gn)tecr«ri«ontton^^ 

nucleicadd. Under impropriate conditions, the transformed plant cells are grown to 
formshoots,roots,anddevelopfiirlherintoplanl8. The nucldc adds can be introduced 
into plant cdls, for example, by means of the Ti plasmid of ^te«m«mr^^ 
TTie Ti phismid U transmitted to plant cells upon infection by Xgrodflcrc^ 

25 tem^adoij, and is stably integnited into the plant genome 

-Inheritance of Functional Fordgn Genes in Plants," Science 233:496^98; Fral«qr et al. 

(1983) Proc NatL Acad. ScL USA 80:4803). 

Ptents fiom whidi protoplasts can be isolated and cultured to give whole 

regenerated plants can be transformed so that whole plants are recovered wlu(^ 
30 thetransfcrn!dfonagngene.Some8uitableplant8inchide,forexaiiiple,sp^^ 

the genera Fragaria. Lotus, Medicago. Onotaydiis. Triftlium, Trigondla. Vigna. Citrus. 
Unum, CSeranium, Manihot, Daucus, Arabidopsis, Brassica, Raphanus, Sinapis. Alropa, 
Capsicum, HyostTamus, Lycopei8lcon,Nicotiana, Solanum, Petunia, Digitalis. 
Mqoiana, Qohorium. Helianflws, Lactuca. Bromus, Asparagus. Anti^ 

35 Hererocallis. Nemesia. Pelargonium. Panicum. Pennisetum, Ranuncuhis. Senedo. 
Salpiglossis, Cucumis. Browaalia. Glycine, LoHum, Zea. Triticmn. Sorghum, and 



Datura. 
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Plant regeneration fiom cultured protoplasts is described in Evans et aL, 
"Protoplasts Isolation and Culture." Handbook of Plant Cell Cultures 1:124-176 
(MacMillan Publishing Co. New York 1983); M.R. Davey, "Recent Developments in 
the Culture and Regeneration of Plant Protoplasts," Protoplasts (1983>Lecture 

5 Proceedings, pp. 12-29, (Biikhauscr, Basal 1983); P J. Dale. "Protoplast Culture and 
Plant Regeneration of Cereals and Other Recalcitrant Crops," Protoplasts (1983)- 
Lecture Proceedings, pp. 31-41, (Biridiauser, Basel 1983); and H. Binding, 
"Regeneration of Plants," PUmt Protoplasts, pp. 21-73. (CRC Press, Boca Raton 1985). 
Regeneration fiom protoplasts varies fiom ^ecies to speaes of plants, but 

10 generally a suspension of transfi)mied protoplasts containing copies of the exogenous 
sequence is first generated. In certain species, embryo fonnation can then be induced 
fiom flie protoplast suspoision, to the suge of ripening and gamination as natural 
embryos. The culture media can contain various amino acids and hormones, such as 
auxin and cytokinins. It can also be advantageous to add glutamic acid and proline to 

15 the medium, especially for such species as com and alfilfe. Shoots and toots normally 
develop simultaneously. Efficient regeneration win depend on the medhmu on the 
genotype, and on <te history of the culture. Ifthese three variables are controlled, (hen 
regeneration is fiilly iqnodudble and t(^>eatable. 

In vegetatively propagated oops, the mature transgenic plants can be propagated 

20 by the taking ofcuttingsorby tissue culture techniques to produce multiple identicd 
plants fortriaffing, such as testing forproduction characteristics. Selection of a desiiable 
transgenic plant is made and new varieties are obtained thereby, and propagated 
vegetatively for commadal sale. In seed propagaliBd crops, the mature transgenic plants 
can be self crossed to produce a homozygoiis inbred plant The inbred plant produces 

25 seed centming the gene fiw the newly introduced fijreign gene activity level. These 
seeds can be grown to produce plants tiiat have the selected phenotype. The inbreds 
according to this invention can be used to develop new hybrids. In fliis method a 

selected mbred line is crossed with another inbred line to produce the hybrid. 

Parts obtained fiom a transgenic plant, such as flowers, seeds, leaves, branches, 

30 fiuit, and the like are covered by the inviention, provided that these parts fajclude cells 
which have been so transformed. Progeny and variants, and mutants of the regenerated 
plants are also inchided wilUn the scope of this invention, provided that these parte 
comprise the introduced DMA sequences. Progeiiy and variantt, and mutants of the 
regenerated plants are also included within the scope of Oiis invention. 

35 Selection of transgenic plants or plant cells can be based upon a visual assay, 

such as observing color changes (e.g., a white flower, variable pigment production, and 
unifinm color pattern on flowers or irregular patterns), but can also involve biochemical 
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5 including spectioscopy. see. Haibome et al. (E^). Uv ; ^ 

generationofgcnedcallyengineeredplantsa^fi^ 

Us^lM. US PatentNo. 5. 482.852, ami EuropeanPatentAppUcanoii 

of wttch are hereby incoiporated by reference. 

10 

prfen.dmtodnnaffl.lheEPOa.lllBBH' ^ 

of a natmaUy occumng erythropoietin, me naem , , . ^ 

sequence of naturally occuning eryttoopoictm. 
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In preferred embodiments, the firagment is a fragment of a verted 

mammalian, e.g. a primate, e.g, a human erythropoietin. 

In aprefened embodiment, the fragment differs in amino acid sequence at up to 
1, 2, 3, 5, or 10 residues, from the corresponding residues of naturally occurring 
5 eiyir^poietin. These changes can be in addition to changes at Asn24. Asn38. Asn83, 
and Serl26. In other preferred embodiments, the fragment differs in amino add 
sequence at up to 1. 2. 3. 5. or 10 % of the residues from the corresponding residues of 

naturally occurring erythropoietin. These changes can be in addition to changes at 
Asn24,Asn38,Asn83,andSerl26. In preferred embodiments, the differences are such 
10 thatthefragmemexhiTiitsanerythropoietinbiologicalactivitywhenfiisedtohSA. to 
preferred embodfanenls. one or more, or all of the diffiaences are conservative ammo 
acid changes. In other preferred embodiments one or more, or aU of the differences are 
oflier than coriservative amino acid changes. 

Polypeptides of the invention include those which arise as a result of alternative 

1 5 translational and postranslational events. 

Numerous analogs OfEPO areknownin the art The primary structure and 
activity of these variants can serve as guidance for the introduction of additiomd changes 

(inadditiontochangeswhichmodifyglycosylation)intoanEPOa. Changeswhich 

reduce activity, or create glycosylation sites, should be avoided. 
20 SomeoftheEPOanalogsknownintheartareoutlinedinTablel below. 

TABLE 1 



EPO 
mntation 


Loc 


Type 


Effect 


Source 


Reference 


Pxo-Asn 


2 


Substxtntioii 


No incnase In biological 


hEPO 


US47Q3008 
Kiien>Aingcn.lnc* 




2-6 


Deleliob 


No incmise in biological 


bEPO 


US 4703008 
Kiren-Amgen, Inc. 


Cys-His 


7 


Sobstitiitioo 


Elimiiiates biological 
activity 


bEPO 


US 4703008 
Kiten-Amgen, Inc. 




15 


Sttbstitutioa 


No increase in biological 
activity > 


bEPO 


US 4703008 
Kiien-Amgcn,Inc. 




15 


Substitutioiior 
Deletion 


Retains in-vivo activity in 
amihals but tteie is no 




WO942S0SS 

Abbott 

Labs. 
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Am 9 i 
ASOr! 1 


24 


Substitution 


Reduces biological activity 


hEPO 


WO 9425055 1 
Abbott 

Labs. I 




24 


Substitutumor 
Delctmn 


Retains in- vivo activity in 
ytiimnk but tliere is no 




WO 9425055 
Abbott 








No increase in biological 


b£PO 1 


US 4703008 1 
Kiren-Amgen, Inc. 1 


Cys-Pio 


33 


Sttbstinitum 


Loss of in-vitro activi^. 
The disulfide bond 
between Cys29-Cy833 is 


hEPO 


WO 9425055 1 
Abbott 1 
Labs. 1 


1 Ash-? I 


38 


Substitittion 


Intracellular degradation 
and lack of secretion 


b£PO 


WO 9425055 

Abbott 

Ldtt. 


1 Tyr-Pbc 


49 


Substitution 


No increase in biological 


bEPO 1 


US 4703008 1 
Kiien-Amge&,Inc. | 






Swbrtft'it'"'* or 
DeMon 


Retams iii-vivo acthftQr in 

tMWMi1« hnt AeM ia BO 




WO 9425055 

Abbott I 

Labs. 


ImcI-? 


54 


Snbstidition 


Retains in-vivo activity 
and is less susceptible to 
oxidation 


hEPO 


US4835260 
Genetics Institute, Inc | 


IMet-Leu 


|54 


Substitution 


Retains biological activity 


bEPO 


1 US 4835260 1 
1 Genetics Institute, Inc 1 


1 Lea-Am 


|69 


Substitution 


Creates an additional N- 
glycosylation site 




|eP0428267B1 I 
AMCXK 


L_ 


1 

1 /« 


dihctlfllflflHI Qf 

Ddelini 


Retains iB-vivo activity in 
animals tot tiiexe is no 




1 US 4703008 1 
1 Kiren-As«en,Inc. 




|78 


Substitution or 
Deledon 


Retains in*vivo activity in 
animals but tfiere is no 




1 US 4703008 

1 Kiren-Amgen,Inc. 




Tz3 


Substitution or 
Deletion 


Retains in-vivo activity in 
animals but dieie IS no 




1 US4703008 

1 Kiien-Aingctt,lttc. 



SUBSTITUTE SHEET (RULE 26) 



wo 99/66054 



-37- 



PCTAJS99/13438. 



Domaxnl 1 


99- 
119 


Deletion 


Kiqiidiy degraded and 1 
inactive tn-vibo 1 




WO 9425055 

Abbott 

Labs. 


1 DoniainZ | 


111- 


Deletion 


Retain in-vitro activity 1 






1 Ala-Pio 1 


124 


Double 
Substitution 


Creates additional N- and 1 
0- gtycosylation sites 1 




EP0428267B1 
AMQES 


1 Ala-Thr 


12S 


Substitn&>n 


Creates additional O- 1 

a1tM"Acv1fitinn site 1 




EP0428267B1 
AMGEN 


1 Ah-Asn 1 
Ala-Ser 


12S 
127 


Double 
SuDStitution 


Creates an additional N- 
giycosyiauon siic i 
Creates an additional 0- 1 
glycosylationsite 




EP0428267B1 
AMGEN 


1 Ser-? 1 


126 


Substitntian 


Rapid degradation or lack 
of secretion 




US470300S 
Kiren-Amgen,]nc 


1 Cys-Pro 
1 Then 


33 


Double 


LOSS ox BCIIviqr 




WO 9425055 

Abbott 

Labs. 


I Aig-Cys 


139 




Restores and improves in- 
vivo activity 








|l43 


Substitution or 
Deletion 


Retains in-yivo activx^ in 
aninxals but diere is no . 
increase in EPO precursors 




US 4703008 
Kixen-Amgen,Inc 


llVr-Phe 


|l45 


Substitution 


No increase in biological 




US 4703008 
Kiren-Amgen, Inc. 




j 145 


SupstiTumgi or 
Deletion 


D^atM flfwvivo activity in 

g^ff^^^MM9 W^vvW wwBvwv^ 

pfimtnla but tilCR iS ttO 

increase in EPO prccorsois 




US 4703008 
Kiren-Amgen, Inc. 




160 


Substimtionor 
Deletion 


Retains xn-vivo activity in 
animals but there is no 




US 4703008 
Kiren- Amgen, Inc. 




J 161 


Substitution or 
Deletion 


Retains in-vivo activity in 
aninals but diere is no 
j increase in EPO precorsois 




US47(B008 
Kiren- Amgen, Inc. 
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38 



Ser«? 



162 



163 



164 



165 



166 



163- 

166 

183 



Sttbstitiitionoi 
Deletion 

Substitution or 
Deletion 

Substitution or 
Deletion 

Substitution or 
Deletion 

Substitution or 
Deletion 



Deletion 



Substitution 



Retains in-vivo actiYity m 
animals but tiiere is no 
inaease in EPQ precursors 

Retains in-vivo activity in 
ammals but tiiere is no 
increase m EPQ pTtcorsors 
RjBtains in-vivo activity in 
ffl^mak but there is no 
i ncrease in EPQ 
Retains in-vivo activity m 
animals but tiiere is no 
jpetta se in EPQ preswAara 
Retains in-vivo acthnty in 
animals but tiiere is no 
increase in EPQ precursois 



No increase in biological 
activity 
Intxacellular degradation 
and lack of secretion 



US 4703008 
Kircn-Amgcn, Inc. 

US 4703008 
Kircn-Amgcn, Inc. 

US 4703008 
Kiren-Amgen,Inc 

US 4703008 
Kiren-Amgen,Inc 

US 4703008 
Kiren-Amgen,Inc. 



US 4703008 
Kircn-Amgcn, Inc. 

US 4703008 
Kiien-Amgeiulac, 



AlttoughhSAislheiHefiaed&siimpaitnerotherpolypeptid^ 
Prcfi«a,lythcsearepolypeptidesvrtu<Adonotsuppo^ 

5 XpXy^lInandpolypeptideswhichhavebeenmod^^^^^ 

^tyasolublcfegmeatoflgau>dmeds«c^thatftdoes^ 

^ JanyembodhnentdcsmT«dhercli,thchS^ 

vatii««,ttoim«eln.l«efer*lyap»tei^ 
10 Tbid^canln^vetl^cua^l-lflifcofEPOaran^O^ 

protemcanbeaaEPOa.imii«iiu>globulinag)fi«ion 
Lenccisfusedtoasc^^ 

sLe fusion protein constructs have been disclosed wherein the extraceUular donuun 
ofaceUsurfiu:eglycoprotdnisfi«.edwiththeconstantF(c)i^^ _ 
15 i„^unoglob«lin.Forexanrple.Caponetal.(1989)i^«mr.3^^^^^^^ 
gddanceongeneratingalongerlastingCIManriogbyfuslngCDA^ 
LunoglobLagGl). 5..aZ.o.CapanetaUU.S.Pate„lNumb«s:5 116.9^^ 
5.428.130 (CD4.IgG ton constructs); Unsley ct aU U.S. Patent Number 5.434.131 



SUBSTITUTE SHEET (RULE 26) 



PCTAJS99/13438 • 

WO 99/66054 

-39- 

« n -no CD28.I,01 »dB7-l|^l t^oao^in^)- Such toon pro»i. have 

£^ J. Med. 337(3):141-U7; irf, ™. tePoU --I- O*^ mm™ 3734). 

10 Fluinr"*"""' riniT"'"''"' , . 

A,H!o.-hSAfbiml»«einorn«clricacidcanbemcoT^ 

TtephOTi»t«iliMlMntambeaiorcmipa«ble,iion^<mesiin^ 
!;*ZL..,i,..tac«n=s»dc«««.C«no^ 

s;::trzi*o«o.r%byw»*.»*wng«te«-»«.%-^»«».* 

Fotii«nveni»«Ji«mB<«™"'""^*™" ' ,,„„-h. 
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„^ fc,=can,l..P»*=*cl>lmcbu««oUpb™l..sco* 
« !^dedBc.8.L»<ltaUanrls»lt«e,tiOmumdio«lte^ 



Snedfically aerosol includes a gas*oine suspaision of dioplets of me conipouniB 
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vehicle, and other factors which the attending physician wiU be capable of readUy taking 
into account 

EPOa-hS A can be provided in a sterile container which includes dialysis solution 
or in a sterile container. e.g.. a bag. with saline, blood, plasma, a blood substitute, or 
5 otho-con^nent to be delivered to a patient 

js jytTaceMticals 

An EPOa-hSA fusion protein can be included in a nutraceuticaL Preferably, it 
includes milk or milk product obtained ftom a transgenic mammal which expresses 
10 fusionpiotein. It can include plant or plant product obtained from a transgenic plant 
which expresses the fusion protein. The fusion protein can be provided in powder or 
tablet form, with or without other known additives, caniers, fillers and diluents. 
Nutraceuticals are described in Scott Hegenhart. Food Product Design, Dec 1993. The 

nuuaceutical can be an infimt feeding formula. It can include components of a 
15 transgenic plant which produces an EPOa-hSAfiision protein. 

fimfr Therapy , . 

EPOa-hSA constructs can be used as apart of a gene therapy protocol to deUver 

nucldc adds encoding an EPOa-hSA fiision protein. 
20 Aprcfernxlappioachformvm>introductionofnucldcaddintoaceni8byose 

ofaviralvectorcontainingnucleicadd.encodingaEPO.hSAfiisionim^ Infection 

of cells widi a viial vector has the advantage that a laige proportion of the targeted 

canieceivethenuclcicacid. Additionally, molecules encoded within the viral vector, 

e.g, by acDNA contained m the viral vector, are expressed effidently in c^ 

25 have taken iqiviialvectornacldc add. 

Retrovirus vectors and adeno-associated virus vectors can be used as a 

recombinant gene deliveiy system for the transfer of exogenous nucldc add molecules 
encoding EPO-hSA fiision protdn in vivo. These vectors provide efiBdent defiveqr of 
middc adds into cdls, and the transfened nucldc adds are stably integrated into the 

30 dnomosomal DNA of the host The devdopment of spedalized cdl lines (temied 
'^adcagingcdls'Owhidi produce only repHcatjon-defectiveretrovi^ 
the utility ofietrovirnsesfiff gene therapy, and defective retroviruses arc ^ 
fte use in gene transfbr for gene therapy purposes (for a review see MiUer. AJD. (1 990) 
Bloodiean). a repUcation defective retrovirus can be packaged into virions which 

35 can be used to infect a target cell through the use of a helper virus by standard 

tedmiques. Protocols for produdng recombinant retroviruses and for infecting cells in 

vftro or &i vivo with sudi viruses can be found in finrmt PmTnmlfi in MolfiCulg 
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Eifito Ausubel. F J^. et aL (edsO Gi««e 

9 IM 14 md other sUndart Ubontmy manuaU. 

AnolhcrvinagTOdelimysyamuscMtothepresentmveiMionii^^ 

5 ft«»,te»d=xpr=»«ag=..pr=duc.ofta«,«.bu.isb^ 

abiU„lor,lic.t«i..m™allyticvfaaiifcc,de. S«,fer«an.ple.B^«1- 
(,988)«/o7V*i^6:6l6;Rosarfad«.l.(1991)Sd.»«J5t«M34:»^ 
Lenfddad.(1992)Cai6M43.l55. SdW.te v«<«to».dtan^ 
«ta^«ntoMW.5dDJ4«oa«aniMof«*»^(»-8'*»^ 

10 «c)a»k«o<™iothMealdlWiito.«.R««iA««l^^ 
.j;,,™,™.in«tatoeiicmM^ 

no^vidi., «1U and can be used to Wcc, . wid. vaHec, of ce« t)^. »^ 

^a*teand«n«,ab>e.op«rific.Son».dcono.«.i«.«-«*-^ 
,5 :^».sto.fi^.h..p«.n.nofin6«ivi^.Additi«-n,.i^ 

DNA(».dfbndgnDNA«»«-«dth.™.)bnoti.«.p--ta^ 

^lti-t..,ZL.in.i..«i«-«h«i«™d«.dDr« 
fl»I«.t«MB.(«,n«>A<JDNA). Mo«o«r.tkecarqrmgcapaatyoftte 

r^^(B-te«-.cit-»^lW-Ata»-«n-0»>--('»»«^^^^ 

"*^Anoto viral v«t«ayat»t»dUteddh«.yrftl».*i««^^ 

,™„c.enoodinsEPO*SAlbrionpB>tA.Utl»«ta»<«^ 
25 ;l««ci-«lvin.U..««-lyo««i.«ddbctiv.v^ 

I^™»l«li»l»c,cl..(For..«^a«Mn^='ACm^.rop«.»M^^ 
Druin.o«..dmdin,cdla.»nlex»its.l**ta,«^ 

vJsco«aini.gaalM.-300baa.p«r..fMV»b.p.**d-.dc«.»^ 

35 ia™i«imtto«ll..A«id,of.«ldcaddsbav.b==n.«ro^ 

Sw^^AAVv«««(.«foroxampUHan»na.«.ia984)i^«''- 
S?r8wL<470;T««ai.«.U(19«5)A/<*M«« 
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Wondisfoid et al. (1988) MoL Endocrinol 2:32-39; Tratschin ct al. (1984) J.ViroL 
51:611-619; and Flotte et al. (1993) J. BioL Chem. 268:3781-3790). 

In addition to viial transfer methods, such as those Ulustrated above, non-vinil 
methods can also be employed to cause expression of a EPO-hSA fusion protein in the 

5 tissue of an animal. Most nonviral methods ofgenetransferiely on normal mechamsms 
used by mammalian cells for the uptake and intracellular transport of macromolecules. 
In preferred embodiments, non-viial gene deliveiy systems of the present invention rely 
<mendocytic pathways for the uptake ofthe subject micleotide molecule by the tar^ 
cclL Exemplary genedeUveiysystemsofthistypeincludeKposomaldcrivedsystems. 

10 poly-lysinecoigugates, and artificial viral envelopes. 

In a representative embodiment, a nucleic acid molecule encoding EPO-hSA 
fusion protein can be entrapped in Uposomes bearing positive charges on thdr su^ 
(e.g., Upofectins) and (optionaUy) which are tagged with antibodies against ceU smfice 
antigens of the target tissue (Mizuno et al. (1992) No Shinkei Geka 20:547-551 ; PCT 

15 publicationWO91/06309;JapanesepatentappUcationl047381;andEuiopeanpatent 

publication EP-A-43075). , 

Gene deUveiy systems for the a gene encoding a EPO-hSA fusion protem can be 

introducedintoapatientbyanyofanumberofmethods. For instance, a pharmaceutical 
preparation of the gene deUvery system can be introduced systemically. fcg. by 
20 intravenousinjection.andspecifictransductionoftheproteinmthet^^ 

predominantly fiom specificity of transfection provided by the gene delivery vehwle. 
ceU-type or tissue-type expression due to the transcriptional rt^uU^ 
contiollingexpressionofthereccptorgene.oracombinationthereo£ toother 

enAodiments. initial deUvery of the recombinant gene is more limited with introduction 
25 intolheanimalbeingciuiteUHadize4Forexample.thegenedeUveryv^^^^ 

inttoduced by catheter (jweU.S. Patent 5.328,470) or by Stereotactic iigection (e.g. Chen 

et aL (1994) PNAS 91 : 3054-3057). 

Tlie pharinaceutical preparation of the gene therapy construct can consist 

essentiaUy of the gene dehvery system in an acceptable dihient. or can compri« 

30 releascmatrixinwhichlhegenedeUveryvehicleisimbeddeAWherethef^^ 

can be produced intact fiom recombinant cens.e.g. retroviral vectors, the 

pharmaceutical preparation can comprUe one or more ceUs which produce the 

protein. 



SUBSTITUTE SHEET (RULE 28) 



W099/6M54 



PCT/US99/13438 . 



.44- 



j-^ ^ ffl-Trans pwiiff Animals 

EPOa-hS A fusion protein can be expressed from a variety of transgenic animals. 
A protocol for the production of a transgenic pig can be found in White and Yannoutsos. 

5 Current Topics in Complement Research: 64th Forum in Immunology, pp. 88-94; US 
Patent No. 5^23^6; US Patent No. 5^73^33; PCT Appfication WO93/25071; and 
per AppUcation WO95/04744. A protocol for the production of a transgenic mouse 
canbefoundinUSPatentNo. 5.530,177. A protocol for the production of a transg«!nic 
nrtcanbcfoundinBaderandGanten, Qinical and Experimental Pharmacology and 

10 P/o»fotogy.Supp.3:S81-S87.1996. A protocol for the production of a transgenic cow 
canbe found in Transgenic Animal Technology. A Handbook, 1994. ed.. Carl A. Pmkert. 
Academic Press, Inc. A protocol for the production of a transgenic sheep can be found 
in Transgenic Animal Technology. A Handbook, 1994. ed.. Cail A. Pinkcrt, Academic 
Press. Inc. A protocol for the production of a transgenic rabbit can be found m Hammer 

15 et al.. Nature 315:680^83, 1985 and Taylor and Fan. Frontiers in Bioscience 2;d298. 

308, 1997. , 

Embodiments of the invention axe further iUustxated by the followmg examples 
whichshottldnotbeconstruedasbeinglimiting. The contents of all cited references 
(inchiding Hterature references, issued patents, published patent appto^ 
20 pendingpatentappUcations)dtedthroughontthisappBcationanjherebyexpres8 

incorporated by reference. 

Examples 

f ,^«niple 1 ; T ffOa-^SA Finarm r/wistmcts 
25 The cDNA encoding the human erythropoietin analog used in the EPOa-hSA 

fusions was designed and engineered to alter the three N-linked and one 0-linked sites 
ofglycosylation(rcsidues 24. 38, 83. and 126. respectively). Furthermore. wiflwut 

altering the remaining amino add residues, codon uwge was dumged using a mammaiy 
gM P»tein codon usage tai)le to maximize protdn expression in the milk of tra^ 

30 animals. A sdiematic representation of the fiision constructs is outIin«^ 

the case where hSA is the N-teminalhalfofthefiisionprotdn. the hSA signal peptide 

was lefkmtact and the human erythropoietin analog signal was deleted. Whenthe 
hmnan erythropoietin analog is the N-terminal part of the fusion, its signal sequence was 
left intactandthatofthehSA protein was ddeted. Also, in the first case, the wUdtype 
35 hSAstopcodonhasbecnremovedaswasthatofthehumaneiythropoietinanalog 
d>NAinthesecondconstnicL fa addition, a linker protein (Ser-Gly4)4, or hinge, was 
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placedbetweenthetwofusionpartoerstomininuzean^ 

nught have on the EPO portion of the molecule and its subsequent activity. 

The cDNA fusion constructs were put into the appropriate vectors for expression 
intissuecultureandinthemaimnaiyglandoftnmsgenicmice. By expressing these 
5 constmcts transiently in tissue culture (C0S7 cells), a number of important features of 
the products ofthesecDNA fusions can be examined. e.g.. (l)arctheprotemsbemg 
made and secreted? (2) Are these pn,teins authentic, recognizable by antiseraagamst 
EPOaandhSA? (3) Are these proteins bioactivewvim» and in Ww>? 

10 ? T !mv\T f^"" TninsffytionfiWrtrm Blot Analysis 

C0S7 ceUs weie transienUy tnmsfected with fiu^ion cDNA constructs m tnphcate 
platesorasingleplatewiththevector(pcDNA3)alone. Twenty-four hours after _ 
,ramfection,themediawerereplacedwith.reducedserummedium(Opto^^^ After 
five days, dl media were harvested and contaminating cdls were n«ov^^^^ 

15 centrifugation-SamplesoftheconditionedmediawerethenanalyzedbySDS-PAGE 

and immunoblottmg (see Figure 2). 

Sopematants fiom COS cells tnmsfected with HIP/pcDNA3 constructe or pcDA3 
done(mock)wereanalyzedbyimmunoblottingwithapolyclonalantiTKxly^^ 
humanserumaIbumin(a-hSA). After analysis with the hS A antibody, tobhrt^ 
20 strippedandreanalyzedwifliamonoclondantftodyagai^ 

1^0). mgelwasloadedasfollows: hmcl.l0nghSAstandard;hBie2.10Mln»dc 
CM;lanes3-5.10jilhSA-hEpoCM;hmes6.8,lOtUhEpo^CM. ^ 

The results of the Western blottmg experiments clearly indicate that a soluble, 
seaetedproteinwaspmduced. Both ftision proteins are the apprt,priatepredirted size 
25 (-89kl>a). ThebamlsecnintheconditionedmedialanesinthehSAanUbodyblot 
represents not hSA (-46kDa) but bSA. as this antibody has some aoss reactivity with 
the bSAfoundinthetissueculturemedium used. Most importantly, however, is the 
abiUtyofthetwoantiT)odiestorecognizebothfusionproteins. Tins suggests tot poper 
translation of the entire fusion construct mRNAs has been accompHdwd. leavmg the 
30 appropriate epitopes mtact and accessible to the antibodies. 

|?iranin1e3; B ioartivitV 

An EUSA was performed with the same a-hS A antibody used m the above 
Western blot analysis to detennine the concentrations of the two fusion proteins in the 
35 tissueculturesupernatantCWtentwitiitheWestemblot^^ 

hSAfusionprotein was diown to be made at approximately 4-fold higher le^^ 
hSA-Unkcr-EPOafiisionprotein(232ng/mlversus59ngtol,iespec^ Theselevels 
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teEPO.»«<toot1hefW<mp««etosi.20%ofthel«al««ofthemol«uk. 

Hiixivru/uw „ t,ri,n„ cells are iocubaled 22-72 hoiiB Willi 

i assessed llsiligBp(«esporaivecdl toes. Bnefly.ctus TO in™ 

i««si.g ™,un.s of reco^biim. EPOaJiSA fiisionpi^m ».d cdhd»^ 

EPOa.bSAfbsi<H.pn«hcai.b.n.pidlyi«ri«eJ»-»»'«°»^ 

caiioo exchange chn»na».8«phy «Mck»te -™n«.=rf«« """T^ni^ 
0 bindingP«.p.rt,s.F-onp««n.»b.«n.al««.dif.ec«^^ 
Mic.lto«bcn«a«-iriyfc<.cttd»Wi(Wonpr«ein(possibly-^ 
50„l^»t.llPO.)«rf«^'«>siv«»«»detec«dbyde«=m^ 
icy«nun4«sorH«..a«>onl.eveIs. Direc>in«m,i«ubrn.j^on,a.ta8b 
c™c.n»tton(>10C^g).oftopcDNA3WpUanidDl««-"^_ 
,5 .,»,iu»ingofch,ngesta,«ic«ta=yte«rfHal»»critI.«d.c»b^ 

innIc.wl»usin,dl.«MW.llEp.dm»*««d»"'h=«y^^ 
promoter (CMV). 

fiiniirnTmitap^^^^^ . a-. T»r^« vector 

d,^^V«K«dingEKH■»SAf»aionp-dn«»l-»«to«^>»«»B^^ 

Ijfl^g ».««m« y ffhmd of a transgenic mammaL 

TLgrco««nu:tsaregener^^ 
30 thdr^mtyto^M^thi^levelsofcxpression^ddieb^mtytoex^^ 

specificlmer. Transgenicndcew«egenenitedwieithe«^ 

fusions targeted to the tnannnaiy gland- „»i,fi,»:™, 
Z««ifc»i<»«"p««-byi.toii^~»-«*n^^ 

.«nJ» » de^miin. «biA «li~"» =^>«« EPOrtSA fU^^ 



SUBSnrUTE SHEET (RUIE 26) 



wo 99/66054 



-47- 



PCT/US99/13438. 



TTie level Of EPOa^S A fusion iwtem detected nmged fiom abom 02 m^^ 

f ^nmFlr f • ^^"«'^ti.H^r of FPOa-hSA in Mies 

m bioactivity of the EPOa-hSA fusion protein was analyzed by detenninmg 

changes in hematocrit levels of transgenic mice expressing EPOa-hSA ^ ^ 
S^Tablel.Hematoaitleveb of the transgenic mice(6554^.65M.16.65M^^^ 

werecomparedtolevelsinconlrolmiceCtheCDlmice). Normal hematocrit levels are 
about SO. 

Table 1 



Mouse 
655-1-8 
655-1-16 
655-1-43 
CDl 
GDI 
GDI 



10 



TBANSGENICMICE EXPRESSING EPOA-HS A FUSION PROTEIN 

jtanatoaiL State s (10/98) 

90 
86 
93 
50 
57 
52 



d.p.partum 
17 
16 
17 
17 
17 
17 



Died 7/98 

Died 8/98 

Alive 

NA 

NA 

NA 



As dKwn in Tabte I, expression oftheEPOa-bSAfiudon protein in tnmsge^^ 

levels in the mice. 



15 



xmcestj 

In addition. Table n provides the hematocrit levels of virgin ofepring of the 
founder transgemcmice and hematocift levels for founderm3les(678.1.11 and 678-1- 
23)todemonstnaetheexpressionofEPOa^Aandthebioadi^^ 

thesemice. 

Table n 

HEMATOCRIT LEVELS IN VIRGIN OFFSPRING OF 
TRANSGBMC^IJNDERMICEEXPRESSINCEPOaJ.SAFUS10NPROTEIN 



Mouse 


Founder 


Hematocrit 


Status (10/98) 


6S5-2-166 


56 (tow) 


50 


Alive 
Alive 
Alive 
Alive 


6S5-M6S 


57 (high) 


91 


655-2^147 


23 (male) 


86 


678-2-155 


31 (n.4Aow) 


43 


678-1-11 


(male) 






678-1-23 


(male) 
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Alive 

79 ABve 

The hematocrit levels of the ofispring provide basal levels of expression of 
EPOa-hSA under the control of a casein promoter. As shown in Table 11, even low 
expression levels of EPOa-hSA fiision protein have a significant in vivo effect 

f^^ ^x. 7- r^«n ^ nn f^^'^'^^t.tion of TTumFffliic Goats 

Tbs sections outlined below briefly describe the major steps in the production of 

transgenic goats. 

10 rmat Srnriffi f'"'^ tresis: 

SwissKjrigin goats. e.g.. the Alpine. Saanen, and Toggenburg breeds, are 
preferred in the production of transgenic goats. 

15 TtetinmigofestrusinthedonorsissynchronizedonDayObyenig 
subcutaneous n«gestomet ear implants (Syncromate-B. CEVA I^oratoriw^ 
OveriandParicKS). Prostaglandin is administered after the first seven to nine dsgrslo 
shutdowntheendogenoussynthesisofprogesteronc. Starting on Day 13 ato insertion 
of the implant, a total of 18 mg of foUicle-stimulating hormone (FSH - Sdwing Co^ 

20 Kenawor1h.NJ)isgiveniiitramuscularlyoverthreeday8intwic^ 
implantisremovedonDayl4.Twenty.fourhoun»foltowingiinpta^ 
animals are nurted sevend times to fiatile males over a two^ period (Selp^ 

Theriogenology, 1990. pp. 1195-1205). 

Surgery for embryo coUection occurs on the second day foUowmg breedmg (or 
72 hours foUowing implant removal). Superovulated does are removed ftom food and 
water 36Hourspriorto surgery. Does are administered 0.8 mgflcg Diazepam (V^^^ 
IV followedimmediatelyby5.0mg/kgKetamine(Kcteset),IV. Hatothane(2i^)ls 
30 aininisteredduringsurgerym2Lfeunoxygenviaanendoti«chcalft^^ 

leproductivetractisorteriorizedthioughamidUnela^ Corporalutea. 
unniptuied fofficles greater than 6 mm in diameter, and ovarian cysts are counted 

evaluate supewvutetion results and to predict the mnnber of embryos fluit should be 
coUectedbyoviductal flushing. A camiula is placed in the ostimnofthe oviduct and 
35 heldinplacewithasingletemporaryUgatureof3.0Prolene.A20gaugeneedlcis 
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placed in the uterus approximately 0.5 cm from the uterotubal junction. Ten to twaity 
ml of sterile phosphate buffered saline (PBS) is flushed through the cannulated oviduct 
and collected in a Petri disL This procedure is rq)eated on flie opposite side and then 
the reproductive tract is replaced in the abdomen. Before closure, 10-20 ml of a sterile 

5 saline glycerol solution is poured into the abdominal cavity to prevent adhesions. The 
linea alba is closed with single intemipted sutures of 2.0 Polydioxanone or Supramid 
and the skin closed with sterile wound clips. 

Fertilized goat eggs are collected from the PBS oviductal flushings on a 
stereomicroscope, and are thai washed in Ham's F12 medium (Sigma, St Louis, MO) 

10 containing 10% fetal bovine serum (FBS) purchased from Sigma. In cases where the 
pronuclei are visftle, the embryos is immediately microinjected. If pronuclei are not 
visible, the embryos can be placed in Ham's F12 containing 10% FBS for short term 
culture at ST'C in a humidified gas chamber containing 5% C02 in air until the 
pronuclei become visible (Selgrath, ct al., Theriogenology. 1990. pp. 1 195-1205). 

15 

MirmlT^'ecrion pmcedure! 

One-cell goat enbryos are placed in a microdrop of medium under oil on a glass 
depression slide. Fotilized eggs having two visible pronucld are unmobilizcd on a 
flame^ioliAed holding microp^ on a Zeiss iqmght microsco^ 
20 using Normardd optics. A pronucleus is micromjectedwidi the DNA construct of 
interest, e.g., a BC355 vector contaming flie human oythrbpoictm analog-human serum 
albumm (EPOa-hSA) fusion protem gene operably Hnked to tiie regulatory elenients of 
the goat beta-casdn gene, in mjection hrsSer (Tris-EDTA) using a fine glass 
microneedle (Selgrath, et aL, Theriogenology, 1990. pp. 1195-1205). 

25 

|?|plirvn Hftvelopment! 

After micromjection, the surviving embryos are placed m a culture of Ham's F12 
contammg 10% FBS and then incubated m a humidified gas chaniber containing 5% 
CQ2 in air at 37T until Ibc iecq>icnt animals are prq)ared for embryo transfer (Sdgralii, 
30 ct aU Theriogenology. 1990. p. 1195-1205). 

Prepatarion of recipients: 

Estrus syndnonization in recipient animals is induced by 6 mg norgestomet ear 
inq)lants (Syncromate-B). On Day 13 after insertion of die hnplant, the animals are 
35 givai a single non-superovulatory injection (400 LU.) of pregnant mares sennn 
gonadotropin (PMSG) obtained fiom Sigma. Recipient females are mated to 
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vasectomizednudestoensurcestm^ . 
pp. 1195-1205). 

FmhTY" Transfer 

5 AllembryosfromoncdonorfemdearekcpttogethcrandtnmsWtoasm^ 
recipientwheoposs*le.Thesurgicalproccdureisidenticdto«^ 

Lfcn«i in a miiumd volume of Ham's F12 containing 10% FBS mto the oviductd 
transrareoin* i.„ „5rm™«!L Animals having mons than six to eight 

lumenvU&efimbriausmgagiassmicropipet. Ammaisnavmgm . ^ . 

,0 ovulationpoint»on1heovarya«deemedunsaitableasrec.p.ents.^^^^^^ 
po8tK»perative ca« are the same as for donor animals (see, e.g.. Selgrath. et al.. 
Theriogenology, 1990. pp. U95-1205). 

MoniTorinf nf rnynanrv and parturitio n: wH«v«f 
15 Pregnancy is determined by ultrasonography 45 days after the first ^ of 

standing estrus. At Day 110 a second ultrasound exam is conducted to confirm 

^^cyandassessfLs^ ^^^^^^^^'^^^'l'!:^ 
'vZ^toxoid«.dClos.ridiumC&D. Sel«uumandvitammE^o.Se)a«^v^ 

^iandlvermectinwasgivenSC. ^^^^t? 1X14^^ 

20 allowedtoacclimatizetothisenviromnenipriortoinducing^^^^^ 

ParturitionisinducedatDayl47with40mgofPGF2a(I^yse®^Jo^^ 

KalamszooMichigan). infection is given IM in two doses, one 20^d^_ 
Mowedbya20mgdosefo«rhourslater. The doe is under penod^o^ondurmg 
thedayandeveningfollowingthefirstinjectionofLutalyse^onD^qrM?. 

25 SZidonsareiLu^dtoeverySOminutesbe^^ 

r^tionocc«rredbetween30and40ho«rsafterthefirstinie^^^ 
deUveiy the doe is milked to coUect the colostrmn and passage of the pl^ 

confiniiod* 

30 Yfflifimtir' ♦^'^ trnnTrmir nntiiry of Fp animals; 

celllinestoavoidmissinganymosaictransgemcs, '^^^^^ 
goatthatdoesnothaveatleastonecopyofthetnmsgenemeveryceU. Thmfore.ane^ 

Sltr^le(mesod«m)«^bloodsamplearetakenfiomatwo^^^^^^^^^^ 

35 !;:nLZofgen«nicDNA(Lacy.et^ 

Haibor.NY;andHernnamiandFrischau£;MethodsEnzymology.l987.^^^^^^^ 

^^ibe DNA samples are analyzed by the pol^^^ 
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PTocNatL Acad. Sci. 1989. 86^- 1934-1938) using primes specific for hmnanH^^^ 
l^Afusionpioteingcne and by Southemblot analysis (Tbonuu^ProcNa^^ 
1980 77-5201-5205)usingarandomprimedEPOorhSAcDNAprobe(Fembcrg^d 
Vogdstcin.^Bioc.1983. 132: pp. 6-13). Assay sensitivity is estimated to be the 
5 detection of one copy of the tiansgene in 10% of the somatic cells. 

f^^rion and ISftlfTtfr" nf pmrillfiHon herf 

ITiepioceduiesdescn^edabovecanbeusedtopnHluctionoftransgemcfoun^ 
(FcOgoats.aswenasothertransgaucgoats.TT«tnmsgemcFofoundergoats.f^ 
,0 ^le.an.bredtopn,d«cemilk.iffemale.ortopnKi»ceatn«sgemcfema^^ 
ifitisamalcfounder. Ms transgenic founder male, can be bred to non-transgemc 
females, to produce transgraic female offepiing. 

15 ilZl^rofrn^gIofmterest.m 

andblood by PCRandSouthemblot analysis. For e«mple. Southern blot analyse of 
thefoundermaleaulthetoetiansgenicoffi^showsnoteanang^^^ 
infl^copyBmnbcrbctwcengenerations. m Southern blots arc pro^ with h^ 
EPO.Z&sionp««eind>NAprobe. mblotsareanal^ 

20 copynumberdetenmnedlv«««»ari8<moflhe^ 



s;i«p«^oni^ 

is detennined using enzymatic assays or Western blots. 

Otiier embodiments are within the foUowing claims. 

30 
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1 An EPOa-hS A fusion protein, wherein at least one amino acid residue of the 
EPOa moiety of the &sion protein is altered such that a site which serves as a site for 
5 giycosylationinEPOdoesnotserveasasiteforglycosylationiiitheEPOa. 

2. The EPOa-hS A fusion protein of claim I . wherein said fosion protein has 
theformnla: 

10 Ri.L.R2;R2-L-Rl;orRl-L-R2-L-Rl, 

,«herein Rl is an eiythropoietin analog amino acid sequence; L is a peptide linker and 
R2 is human serum albumin amino acid sequence. 

3. The EPOa-hSAfiision protein of claim 2. wherein Rl and R2 are 
15 covalcntly linked via said pqptideliiiker. 

4. The EPOa-hSA fiision protein of claim 1 . wherein an amino acid residue 
which senres as an attachment pomt for glycosybtion has been deleted. 

20 5 mEPOa-hSAfimonproteinofcUiiml.whereinanaminoacidte8iito 

of humanEPO which serves as asite for glycosylation has been replaced with anammo 
add residue which docs not serve as a site for glycosyialion. 

6 Hie EPOa-hSA fiision protein of ctaim I . wherein said amino add 
25 xesiduefaselectedftomthegMupeonsistingofaminowndresid^ 

A8n83andSerl26. 

7 HMsEPOa-hSAfiisionprotdnof chum l.wherdn said glycosyh>tion site 
isalteredataminoaddresidueSermandatleastoneadditiondNJi^^ 

30 glycosylation8itesdectedftomfliegroupcon8i8tingofA8n24.Asn38andA^ 

altered. 

8 Hie EPOa-bSA fiision protdn of claim I , 'wherdn said glycosyUition site 
providesWlinkedglycosyhrtionandUalteredbytepUu^ 

35 AsnwifhGbL 
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9 " The EPOa-hSA fusion protein ofclaim I. wherem said glycosylation site 
provides for 0-linked glycosylation and is altered by replacing an amino add residue 
SerwidiOln. 

5 10. TlicEPOa-hSAfosionproteinofclaiml.whereinoneormoieofainino 

acid residues 24, 38, or 83 has been altered. 

11. Tl«EPOa-hSAfu8ionproteinofclaimlO,vfherein.oneornioieofaniinD 
acid residues 24, 38, or 83 has been replaced with GUl 

12. TheEPOa-hSA&sionproteinofclaiml.whereinaminoacidresidue 
126 has been altered. 

13. TTie EPOa-hSA fusion protein ofclaim 12. wherein said amino add . 
15 residue 126 has been rq)laced wife Ala. 

14 Hie EPO»JiSA fusion protdn of claim 1 . wherem eadi of amino add 
residues 24. 38. 83 and 126 has been altered sudi that it does not serve as a 

glycosylatiaii she. 

20 

1 5 Hie EPOa-hSA fiision protein of claim 14. wherein eadi of said amino 
add residues 24. 28. 83 and 126hasbeenreplacedwithGta,Gta.Gto. and Ala 

leqiectivdy. 

25 16. TheEPO»*SAtonprotemofdaim3.wher«nsaidpeptidelinkeris 

10 to 30 amino adds b length. 

17 The EPOa-hSA fiision protein ofclaim 16, wherdn eadi of said amino 
adds in sdd peptide Imte is selected tom the group consistii« of CHy. S«^ 

30 andAla. 

18 TteEPOa*SAfii8i<mproteinofdaim3.whereinsddpeptideltiite 
incl«desa8e«piencehav«ngtheformula(Ser^er^er.Se^^^^ 

equal to 8. 

35 

19. The EPOa-hSA fiuaon protein ofclairn 3. wherein sddp(?)tidelinkw 
indudes a sequence having flie formula ((Ser-Sa-Ser-Ser-Gly)3-Ser.Pio. 
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20. The EPOa-hSA fusion protein of claim 1, wherein the EPOa is Gln24. 
GIn38.GIn83, Alal26EPO. 

5 21 The EPOa-hSA fusion protein of claim 1, wherein the fusion protein 

includes from left to right, an EPOa which includes amino add residues Gln24. Gln38. 
Ghi83 and Alal26, a peptide linker, and human scrum albumhu 

22. The EPOa-hSA fiisionprotemofclaim 21. wherein the EPOa is Gto24, 
10 Gtai38.Gln83.Alal26EPO. 

23 The EPOa-hSA fusion protein of claim 1, wherein the fusion protein is 
from left to right. Gto24. Gta38. Gln83, Alal26 EPO. a peptide linlcer having the 
f<mnula ((Ser-Gly-Gly-Gly-Glyb-Ser-Pro), and hmnan sermn albumin. . 

24 -nMEPOarhSAfiisionproteinofclaiml, wherein the EPOa-hSAfusion 
protein indudes. from left to right, human serum albmnin. apeptide link^^ 
wWdiinchidcs amino arid residues Gta24,Gto38.Gln83 and Alal26. 

20 25. lTieEPOa.hSAfiiaonproteinofclaim24.wheieintheEPOaisGto24, 

GIn38, Gbi83, Alal26 EPO. 

26 TheEPOa-hSA&aon protein of claim 1, wherein the fiisionproteinis 
from left to right, human semm albmnin. a peptide linker having the formula ((Ser-Gly- 

25 Gly-Gly-Gly)3-Ser-Pio).andGta24.Gb38.Gln83,Alal26EPO. 

27 An isolated nucleic arid comprising a nucleotide sequence whidi encodM 
an EPOa-hSA fiudon protrin. wherein at least one amino arid residue of the encoded 
EPOa^iSAwWchcan serve asaglycosylationsiteinEPO is altcredsuchltoitdoes^ 

30 serveasaglycosylationsiteintheEPOa. 

28. An expression vector or a construct which comprises the nuddc arid of 
dum27. 

35 29. A ceU which comprises the vector or construct of claim 28. 
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30' A method ofmakiiig an EPOa-hSA fusion in a construct or a vector, 
comprising fornunginaconstnu^orvectorasequence in whichan^^^^^ 
oZrises anucleotide sequence encoding anEPOa is linked in ftame t^ 
which comprises a nucleotide sequence encoding human serum albumm. 

^ 31 AmethodformakinganEPOa4«SAfusionpioteincompri8ing: 

supplying a cell which comprises a nucleic acid which encodes an EPOa- 

hSAfiisionprotanand , • m ♦».-^« 

expressing said EPOa-hS A fusion protein fiom said nucleic acid, thereby 

10 making said EPOa-hSAfiision piotem. 

32. The method of claim 31. wherein said ceU is selected ftom a group 
consisting of a mammaUan. yeast, plant, insect or a bacterial cdL 

15 33. AmethodofmaldnganEPOa^Afimonproteincomprising: 

providing a transgenic organism which includes a transgene whidi 
directs the expression of EPOa*SA fiision protein; 

allowing the transgene to be expressed; and 



^ 34. Themethodofclaim33whcrein,thetransgenic.organismi8atn^ 

anuiisl* 

35. The method of daim 33 wherein, the transgenic organism is atransgenic 
25 dairy axumaL 

36 Thcmethodofclaim33wherem.theEPOa-hSAfiisionproteinismade 
inamammary gland ofatransgenicmammalunderthe control ofamilk specific 

promoter* 

37. Tiiemethodofclaim36wheieln.saidpromoterisamilksenimprrt^ 
or casrin promoter* 

38 'n»mefliodofclaim37wherein.thetnmsgemcmammalisagoat 
35 39. Amethodforprovidingatransgenicpreparationwhichincludesan 

EPOa*SA fiision protein in the milk of a transgenic mammal compnsmg: 



SUBSTITUTE SHEET (RULE 26) 



PCTnJS99/l3438 

WO 99/66054 

.56- 

p„,vidingatnmsgBmcnuann«aimvinganEPOa-hSA^^^ 

Lpressionofthep»tein-co^se,u.ceu.^^ 

aUowing the fusion protein to be exprcsseo. ana oouumuB 
5 inaininal.therebypiovidiiigthctransgenicpreparation. 

40. AtransgcnicorBanism.whichincludesatransgcnewW^ 
EPOa-hS A fusion protein. 
10 41. m«ethodofclaim40whcr«n,thctraDSgc«cor^ 



42. mmcttaKlofclaim40whercin.thetnau;genicorganism^ 
jgjjy anunaL 

pxonoter. 

20 44. Tl»n«lliodofdam43wterdi.saidl^^^^ 

or casdn promoter. 

45. Ttemethodofclaim44wh«ein.thetrai«g^^ 

COW. 

of an EPOa-hS A fusion proton, 
subject 
35 sites. 
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49.' The«ythiopoietmai«dogofclaim48wte^ 
Gln38,Gto83.Alal26EPO. 



SO. A transgenic 
5 hSAfimonprotdn. 



rabbit, which includes atransgenc which encodes an EPOa. 



51. Abiid.whichincludesatransgenewhichencodesanEPOa.hSAfusi«m 
ptoteiiL 

thereby making the EPOa-hSA fiision protem. 
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1. fx] Claims Nos.: 

— because they relate to subject matter not required to be searched by this Authority, namely: 

Remark: Although claims 47-50 

are directed to a method of treatment of the human/animal 
body, the search has been carried out and based on the alleged 
effects of the compound/composition. 

2.1 laaimsNos.: _ 

— because they relalB to parts of the lntBrnatk)nalApplkation that do not comply with the prestf . 
an extern thai no meariigful Internattonal Seardi can be canied out specifi^^ 



3. I I Claims Nos.: 

— because they are dependent daims and are not drafted In accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of Invention Is laeldng (Continuation of Item 2 at first sheet) 
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1. rn As ail required additional seaichflses were timely paid by the applicant, lh^ 
I — I searchable Claims. 

Z rn AsaQsearchableclaimsoouldbesearchBdwilhoutetlbrtJusliiyinsanadd 
— ofanyaddiltonaltee. 

a n AS or«y some of the required addtionai search (M were llnMly paid by tto 
1— > oom only those claims for wMch fees were paid. spedficaflydaM 



4. rn NO required addKlonal search fiaes were timely paid by the applk^ 
— ^restricted to the Invention first mentioned in the claims; ills oove^ 



Remark en Protest Q The addlllonal search fees were eocompanled by the appficant^ protest 

Q 140 protest aooofflpanied the payrnent of additibnal search fises. 
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